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Low temperature joining of ceramic composites
Abstract
A method of joining similar or dissimilar ceramic and ceramic composite materials, such as SiC continuous
fiber ceramic composites, at relatively low joining temperatures uses a solventless, three component bonding
agent effective to promote mechanical bond toughness and elevated temperature strength to operating
temperatures of approximately 1200 degrees C. The bonding agent comprises a preceramic precursor, an
aluminum bearing powder, such as aluminum alloy powder, and mixtures of aluminum metal or alloy powders
with another powder, and and boron powder in selected proportions. The bonding agent is disposed as an
interlayer between similar or dissimilar ceramic or cermaic composite materials to be joined and is heated in
ambient air or inert atmosphere to a temperature not exceeding about 1200 degrees C. to form a strong and
tough bond joint between the materials. The bond joint produced is characterized by a composite joint
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LOW TEMPERATURE JOINING OF 
CERAMIC COMPOSITES 
This is a division of Ser. No. 09/028 591, ?led Feb. 23, 
1998, now US. Pat. No. 5,922,628 Which is a division of 
Ser. No. 08/631,259 ?led Apr. 12, 1996 now US. Pat. No. 
5,858,144 issued Jan. 12, 1999. 
CONTRACTUAL ORIGIN OF THE INVENTION 
The United States Government has rights in this invention 
pursuant to Contract No. W-7405-ENG-82 betWeen the US. 
Department of Energy and IoWa State University, Ames, 
IoWa, Which contract grants to the IoWa State University 
Research Foundation, Inc. the right to apply for this patent. 
FIELD OF THE INVENTION 
The present invention relates to joining of ceramics and 
ceramic composites at relatively loW temperatures and in 
ambient air atmosphere, if desired, and to bonding agents to 
this end. 
BACKGROUND OF THE INVENTION 
In recent years, there has been great commercial interest 
in and government support for the use of ceramic 
composites, particularly SiC continuous ?ber ceramic com 
posites (CFCC) materials, for structural applications in high 
temperature and/or corrosive environments. This materials 
substitution trend recogniZes that traditional stainless steels 
and superalloys have reached their operational limits and 
that further enhancements of process ef?ciency in applica 
tions such as poWer generation heat exchangers requires the 
high temperature and chemical stability and tolerance of SiC 
CFCC materials. Unfortunately, the lack of convenient join 
ing methods for SiC CFCC materials has limited their 
service applications because of the dif?culty of Winding 
large, complex SiC ?ber preforms and of in?ltrating the 
preforms With SiC matrix material. 
A goal of the art has been to assemble complex structures 
from a set of simple SiC CFCC component shapes joined 
together so as to collectively provide the desired complex 
structural shape With sufficient strength and toughness to be 
tolerant of severe environments and rough handling, 
enabling the potential of SiC CFCC materials to be more 
fully realiZed. 
To-date, joining of monolithic SiC shapes has been 
accomplished by a variety of techniques including direct 
diffusion bonding, co-densi?cation of interlayer and green 
bodies, diffusion Welding or braZing With boride, carbide, 
and silicide interlayers, hot pressing of sinterable SiC 
poWder, bonding With polymeric precursors, braZing With 
oxide, reactive metal bonding, and active metal braZing. 
These joining techniques typically require prolonged expo 
sure to high temperatures above 1600 degrees C. and/or 
strict inert joining atmospheres and many require a bonding 
agent including a solvent to provide proper bonding material 
viscosity. Existing commercial SiC CFCC materials almost 
universally employ “NICALON” SiC ?bers Which contain 
some residual SiO2 and free C. 
Many investigators have reported that these residual 
phases contribute to a ?ber degradation reaction that has an 
onset temperature of about 1200 degree C. Thus, any SiC 
CFCC joining technique that requires ?ring temperatures 
above 1200 degrees C. is not desirable because some degree 
of ?ber degradation and a resulting decrease in strength of 











An object of the present invention is to provide a method 
of joining ceramic and ceramic composite materials at 
relatively loW temperatures that avoids degradation of the 
ceramic material; eg not exceeding 1200 degrees C. for 
joining SiC ?ber CFCC materials. 
Another object of the present invention is to provide a 
method of joining ceramic and ceramic composite materials 
that can be practiced in ambient air, if desired, in order to 
facilitate fabrication of structures on-site under a Wide 
variety of ?eld assembly conditions. 
Still another object of the present invention is to provide 
a bonding agent for joining or repairing ceramic and ceramic 
composite materials that is effective to promote mechanical 
bond toughness and elevated temperature strength and that 
can be used at relatively loW temperatures Without the need 
for in?ltration and Without the need for solvents. 
Still a further object of the present invention is to provide 
a bonded structure characteriZed by a joint microstructure 
having improved strength and toughness by virtue of includ 
ing relatively soft, compliant phase regions dispersed in a 
ceramic joint matrix. 
SUMMARY OF THE INVENTION 
The present invention provides a method of joining simi 
lar or dissimilar ceramic and ceramic composite materials at 
relatively loW joining temperatures using a solventless, three 
component bonding agent effective to promote mechanical 
bond toughness and elevated temperature strength to oper 
ating temperatures of approximately 1200 degrees C. 
Abonding agent in accordance With an embodiment of the 
present invention comprises a preceramic precursor, an 
aluminum bearing poWder, such as aluminum metal poWder, 
and boron poWder in selected proportions to provide desired 
mechanical bond toughness and elevated temperature 
strength for a given service application. 
In accordance With a method embodiment of the present 
invention, the bonding agent is disposed as an interlayer 
betWeen similar or dissimilar ceramic or ceramic composite 
materials to be joined and the interface is heated to a 
temperature not exceeding about 1200 degrees C. to pyro 
lyZe the preceramic polymer so as to form a strong and tough 
bond joint betWeen the materials. 
The method advantageously can be practiced in ambient 
air atmosphere using an open ?ame of a propane or other 
torch to heat the materials to the bonding temperature. This 
facilitates fabrication of structures on-site under a Wide 
variety of ?eld assembly conditions. Alternately, an inert or 
air atmosphere can be used in a ?ring furnace. 
The bond joint produced in accordance With another 
embodiment of the present invention is characteriZed by a 
composite joint microstructure having relatively soft, com 
pliant aluminum bearing phase regions, such as aluminum 
silicon alloy particles, disposed in a ceramic matrix, such as 
SiC, and exhibiting substantially improved joint strength 
and toughness. 
In accordance With another method embodiment of the 
present invention, the bonding agent is used as a ?ller 
material to repair a crack, pinhole or other depression in a 
ceramic and ceramic composite member and heated to a 
temperature not exceeding about 1200 degrees C. to form a 
strong and tough repair ?ller bond With the ceramic material. 
The present invention is especially useful for, although 
not limited to, bonding of SiC continuous ?ber ceramic 
composite (CFCC) materials together Without harmful deg 
radation of the SiC ?bers so as to form a desired structure 
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having suf?cient strength and toughness that is tolerant of 
severe environments and handling and service stresses. The 
aforementioned and other objects and advantages of the 
present invention Will become more apparent from the 
following detailed description taken With the folloWing 
draWings. 
DESCRIPTION OF THE DRAWINGS 
FIG. 1 presents photomicrographs of bond joints betWeen 
SiC CFCC materials in FIG. 1a as partially ?red (400 
degrees for 2 hours in air) after initial polymer (MPSA) 
pyrolysis (only bonding agent shoWn) and in FIG. 1b in a 
fully ?red condition (SiC CFCC materials shoWn as joined 
by bonding agent after 2 hours at 1200 degrees C. in air) . 
FIGS. 1a and 1b are optical micrographs of as-polished 
samples taken at 200>< (total scale dimension on each ?gure 
is 50 microns). 
FIG. 2 is a schematic illustration of the four-point bend 
test con?guration and the butt joint sample in place for 
measurement of ?exural strength Where P represents force 
on the sample. 
DESCRIPTION OF THE INVENTION 
The present invention provides a method of joining simi 
lar or dissimilar ceramic and ceramic composite materials at 
relatively loW joining temperatures using a solventless, three 
component bonding agent effective to promote mechanical 
bond toughness and elevated temperature strength to oper 
ating temperatures of approximately 1200 degrees C. The 
invention is especially useful for bonding of continuous ?ber 
ceramic composite (CFCC) materials having SiC ?bers in a 
SiC matrix Without harmful degradation of the SiC ?bers so 
as to form a desired structure having suf?cient strength and 
toughness to Withstand severe environments and handling 
and service stresses. HoWever, the invention is not limited to 
CFCC materials, or to SiC CFCC materials in particular, and 
can be practiced to bond monolithic ceramic bodies or 
components to form a structure or substructure. The inven 
tion can be practiced to join other carbide-based (e.g. B4C, 
TiC, HfC) CFCC ceramic composites, nitride-based (e.g. 
Si3N4, AlN, TiN) CFCC ceramic composites, and boron 
based (e.g. TiB2) CFCC ceramic composites for purposes of 
illustration only. The invention Will be described in detail 
herebeloW With respect to bonding SiC CFCC materials for 
purposes of illustration only and not of limitation. 
In accordance With an embodiment of the invention, the 
three component bonding agent comprises a preceramic 
oligomeric polymer, aluminum bearing poWder particulates, 
and boron poWder particulates in selected proportions to 
provide desired mechanical bond toughness and elevated 
temperature strength for a given service application. A 
preferred preceramic oligomeric polymer comprises an oli 
gomeric form of a silicon-acetylene polymer With an aver 
age molecular Weight of about 2000, a chemical formula of 
SiC9H8, and a char yield after pyrolysis of approximately 
80%. This particular silicon-acetylene polymer has a ?uid 
like consistency and does not require a solvent addition to 
blend With the other poWder particulate components of the 
bonding agent to form a putty or paste that can be applied to 
surface(s) to be bonded. This particular preceramic polymer 
begins to form beta SiC of crystallite siZe of about 10 
nanometers (nm) diameter at about 1000 degrees C. 
The aforementioned oligomeric form of a silicon 
acetylene polymer having an average molecular Weight of 
about 2000, a chemical formula of SiC9H8, and a char yield 













pursuant to US. Pat. No. 4,940,767, the teachings of Which 
are incorporated herein by reference. 
Synthesis procedures for methylphenylsilylene-acetylene 
(MPSA) polymers are described in Examples 1 and 2 set 
forth herebeloW in the EXAMPLES section for illustration. 
The invention is not limited to the particular preceramic 
polymer described hereabove and can be practiced using 
other preceramic polymers such as polycarbosilane, copoly 
mer of MPSA and tetramethyldisilylene-acetylene, alternat 
ing copolymers of MPSA and dimethylsilylene vinylene 
polymers, siloxane polymers, polysilaZanes and polysilanes, 
etc. With appropriate amount of control on the polymeriZa 
tion reaction to form a similar oligomer polymer Which Will 
undergo a similar type of pyrolysis reaction With similar 
reaction products and temperatures. The polycarbosilane 
polymer is available from Nippon Carbon Company as 
distributed in the United States by DoW Corning Corpora 
tion. Synthesis of copolymer of MPSA and 
tetramethyldisilylene-acetylene is described in Example 7 
set forth herebeloW. Synthesis of alternating copolymer of 
MPSA and dimethylsilylene vinylene polymers is described 
in Example 8 set forth herebeloW. 
The aluminum bearing poWder particulates of the bonding 
agent can comprise aluminum metal poWder, aluminum 
alloy poWder (e.g. Al—Si alloy poWder), and mixtures of 
aluminum metal or alloy poWders With another poWder (e.g. 
elemental Al poWder and elemental Si poWder). Preferred 
aluminum bearing poWder particulates comprise a eutectic 
composition Al-12.2 atomic % Si alloy poWder that melts at 
about 577 degrees C. Such Al—Si alloy poWder can be made 
by high pressure inert gas atomiZation as generally spherical 
particles in the particle siZe range of less than 44 microns 
diameter as described, for example, in Anderson US. Pat. 
No. 5,228,620, the teachings of Which are incorporated 
herein by reference to this end. Such inert gas atomiZed 
Al—Si alloy poWder particles typically contain oxygen as an 
impurity at levels of about 200 to 600 parts per million by 
Weight. Although the Al—Si poWder preferably is made by 
the high pressure inert gas atomiZation, any other 
atomiZation, mechanical comminution or other poWder 
forming process that produces a ?ne poWder (e.g. siZe less 
than about 50 microns diameter) of reasonable purity With 
high surface area also can be used in the practice of the 
invention. 
The aluminum bearing poWder particulates also may 
comprise non-eutectic or off-eutectic Al—Si alloy poWders. 
The aluminum bearing poWder particulates also can com 
prise other Al alloy systems having loW melting point 
eutectic compositions and a stable carbide forming second 
alloy component, such as the binary Al systems alloyed With 
rare earth elements such as La, Ce, or Y. Furthermore, 
elemental aluminum poWder and mixtures of elemental or 
alloy aluminum poWder With other elemental or alloy 
poWders, such as Si poWder may be used. 
The boron poWder particulates of the bonding agent 
preferably comprise ground, submicron, amorphous, high 
purity (e.g. 99.999%) boron Which can be obtained from 
Aldrich Chemical Company and having a particle siZe less 
than one (1) micron. This boron poWder appears to have 
oxygen as its only major impurity present on the poWder 
particle surface as B203. 
The preceramic oligomeric polymer, aluminum bearing 
poWder particulates, and boron poWder particulates consti 
tuting the bonding agent are present in selected proportions 
to provide desired mechanical bond toughness and elevated 
temperature strength for a given service application. The 
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three components of the bonding agent preferably are 
present in proportions effective to promote mechanical bond 
toughness and elevated temperature strength to operating 
temperatures of approximately 1200 degrees C. 
A preferred proportion of the three components of the 
bonding agent comprises, in Weight %, about 25% to 85%) 
preceramic polymer, about 10% to 70% aluminum bearing 
poWder, and about 2% to 6% boron poWder. A more pre 
ferred proportion comprises, in Weight %, about 37—38% 
preceramic preceramic polymer, about 55—56% aluminum 
bearing poWder, and about 5—6% boron poWder. A particu 
larly preferred bonding agent comprises 37.73 Weight % 
preceramic MPSA polymer, 56.6 Weight % Al-12.2 atomic 
% Si eutectic poWder and 5.66 Weight % boron poWder. 
The bonding agent can be hand mixed in a glass container 
in laboratory ambient air, on a bench top, or under ?eld 
conditions to provide a joint bonding putty or paste that can 
be readily applied to the surface(s) to be bonded. Since 
solvents are not needed in the bonding agent to dilute the 
polymer for mixing, the bonding agent advantageously can 
be mixed outside of a chemical fume hood. After mixing, the 
bonding agent can be loaded into a polyethylene syringe for 
convenient dispensing onto one or both surfaces of the 
materials to be joined. Alternately, a laboratory spatula or 
other application tool also can be used to apply and spread 
the bonding agent on one or both surfaces to be joined. The 
bonding agent typically is applied betWeen the materials to 
be bonded as an even or uniform interlayer in a thickness 
range of 100 to 300 microns, although the invention is not 
limited to any particular thickness of bonding agent or to 
uniform surface coverage. 
Surfaces of SiC CFCC materials have been joined either 
on exposed SiC ?ber end (transverse) sections or on surfaces 
parallel (longitudinal) to the SiC Woven ?ber plies. Longi 
tudinal surfaces can be joined either in the as-received 
condition or after mechanical grinding to expose the SiC 
?bers in longitudinal cross-section. Joints can be assembled 
by simple hand pressure and either rested on a ceramic 
substrate for subsequent furnace ?ring or clamped in posi 
tion for open ?ame torch ?ring in ambient air. In the 
preparation of joints for mechanical testing that require 
careful alignment, a clamping jig or ?xture can be used to 
maintain alignment during furnace ?ring. In some cases, a 
short period of open ?ame torch pre-?ring can be performed 
to “set” the joint before furnace ?ring to eliminate the need 
for furnace ?xturing to maintain alignment. 
Advantageously, a method embodiment of the invention 
includes open ?ame propane torch ?ring (?ame temperature 
of about 1200 to 1300 degrees C.) of the joint for a short 
time (eg approximately 5 minutes) to completely through 
heat the joint, especially a small thermal mass joint such as 
Was present on small (3 mm by 4 mm) butt joints of joint 
bend test specimens described herebeloW. The use of open 
?ame propane torch ?ring of the joint is especially useful in 
making joints on-site under ?eld conditions. 
Alternately, another method embodiment of the invention 
includes a more controlled furnace ?ring of the joint using 
either an inert atmosphere (using graphite furnace elements) 
or an air atmosphere (using SiC furnace elements). Atypical 
furnace ?ring cycle for purposes of illustration only consists 
of heating at a rate of 10 degrees C. per minute to 1200 
degrees C., holding for 2 to 5 hours at 1200 degrees C., and 
cooling at a rate of 5 to 10 degrees C. per minute in the 
furnace to room temperature, although other ?ring cycles 
can be used in the practice of the invention. A typical 














40 to 100 microns, although the invention is not limited to 
any particular ?red joint thickness. 
Differential thermal analysis and microstructural analysis 
of the joint at stages of ?ring indicates that bond formation 
occurs in a series of steps leading to a ?nal joint. Upon 
heating, bond formation appears to involve a ?rst reaction 
ranging from about 300 degrees C. to 400 degrees C. 
Wherein pyrolysis of the preceramic polymer and release of 
carbon and hydrogen as pyrolysis reaction products occur. 
The hydrogen and some of the carbon evolve from the joint 
region as H2 or hydrocarbon gases. Next, the aluminum 
bearing poWder, such as the eutectic Al-12.2 atomic % Si 
alloy poWder, melts (at 577 degrees C. for the eutectic 
Al—Si poWder) to form individual molten Al—Si droplets 
of the alloy dispersed in the pyrolyZed polymer matrix that 
contains the ?ne, submicron boron poWder. Upon further 
heating, several exothermic reactions may occur that appar 
ently consume some of the Al and some of the Si from the 
Al—Si droplets, the oxygen from the surfaces of the B 
poWder, and the free carbon from the pyrolysis char, forming 
SiC and A1203 and leaving molten Al—Si particles. The B 
and molten Al—Si particles probably react With some of the 
carbon from the pyrolysis char to form some boron carbide 
and aluminum boride during the highest temperature portion 
of the ?ring cycle. HoWever, the inventors do not Wish or 
intend to be bound by the explanation of the bond formation 
process in that the exact temperatures and product phases of 
the exothermic reactions that may occur above 577 degrees 
C. are not knoWn and are the subject of further investigation. 
Post-?ring microstructural analysis of the ?red joint 
betWeen SiC CFCC materials using particularly preferred 
bonding agent described hereabove reveals both crystalline 
and amorphous SiC as product phases of the bond joint 
matrix as Well as the presence of dispersed Al—Si particles 
and alumina particles in the SiC matrix. The amount of 
boron added initially as the third bonding agent component 
Was not detected as a distinct product phase in the ?red joint 
microstructure or in X-ray diffraction measurements, prob 
ably due to its small predicted volume fraction and its 
tendency to diffuse rapidly and to disperse Widely at elevated 
?ring temperatures. 
Representative partially ?red and fully ?red bond joints 
are shoWn for comparison in FIGS. 1a, 1b. The fully ?red 
bond joint of FIG. 1b betWeen the SiC CFCC materials 
shoWn per an embodiment of the invention is characteriZed 
by a composite microstructure having relatively soft, com 
pliant aluminum bearing particle phase regions, such as 
Al—Si alloy particles (dark gray regions in the joint) When 
Al—Si alloy poWder is used as a component of the bonding 
agent, in a SiC ceramic matrix. Such a fully ?red bond joint 
exhibits substantially improved joint strength and toughness 
as a result of the composite joint microstructure having 
relatively soft, compliant aluminum bearing particle phase 
regions dispersed in a SiC ceramic matrix, such as the 
crystalline and amorphous SiC matrix observed by micro 
structural analysis. For example, bond joint strengths pro 
duced betWeen SiC CFCC materials using the particularly 
preferred bonding agent described hereabove can be at least 
a 50% higher in strength in bend tests to be described 
herebeloW than any other technique such as described by B. 
H. Rabin and C. Henager at the Proceedings of the 20th 
Annual Conference of Composites, Materials and Structures 
(U.S. Only/ITAR Restricted Sessions) held on Jan. 23—25, 
1996, in Cocoa Beach, Fla. (in press), that require signi? 
cantly higher ?ring temperatures. 
The residual Al bearing (e.g. Al—Si alloy) particles 
dispersed in the ceramic (e.g. SiC) bond matrix after ?ring 
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appear to contribute to joint toughness, although the inven 
tors do not Wish or intend to be bound by this explanation. 
At service temperatures beloW their melting point (about 
577 degrees C. for the Al—Si eutectic particles) , the 
particles Would be soft solid particles enclosed in a shell of 
alumina formed by oxidation of the Al alloy component. At 
service temperatures above their melting point, the particles 
Would be a liquid phase contained and enclosed in the shell 
of alumina. In both cases, the dispersed aluminum bearing 
particles Would appear to provide a soft phase compliance to 
the overall high joint strength of the surrounding ceramic 
(e.g. SiC) matrix. 
As mentioned hereabove, a joining method embodiment 
of the invention advantageously can be practiced in ambient 
air atmosphere using an open ?ame of a propane or other 
torch to heat the materials to the bonding temperature. This 
facilitates fabrication of structures on-site under a Wide 
variety of ?eld assembly conditions. 
Another method embodiment of the present invention 
involves using the bonding agent as a ?ller material to repair 
a crack, hole or other depression in a ceramic or ceramic 
composite member. This method embodiment involves ?ll 
ing a pinhole, crack or other depression in the ceramic or 
CFCC material With the aforementioned bonding agent and 
heating the bonding agent in a manner described hereabove 
to a temperature not exceeding about 1200 degrees C. to 
form a strong and tough repair ?ller bond With the ceramic 
or CFCC material. Such a repair method of the invention can 
be used to repair pinholes or cracks in SiC tubes that have 
experienced extended service in a petroleum re?nery 
environment, for example. 
The folloWing examples are offered for purposes of 
further illustrating the invention Without in any Way limiting 
it to the speci?c details of the examples. Examples 1 and 2 
herebeloW described preparation of MPSA polymers by 
different synthesis procedures (g=gram) . Example 3 
describes preparation of a bonding agent (glue paste) of an 
embodiment of the invention using MPSA polymer and the 
other tWo bonding agent components described. 
Examples 4 and 9—24 use the bonding agent (glue or 
paste) described in Example 3 to effect bonding of the SiC 
CFCC specimen bars. 
Examples 5, 6, 7, and 8 describe preparation of other 
preceramic polymers and their use in preparing bonding 
agents of other embodiments of the invention and use to 
effect bonding of the SiC CFCC specimen bars. 
In Examples 4—17 set forth herebeloW, the tests Were 
conducted primarily using Sylramic S-200 material from 
DoW Corning Corporation, a SiC CFCC composite Which 
contained 0/90-oriented Woven cloths comprising Nicalon 
SiC ?bers. The SiC matrix Was formed by a preceramic 
polymer impregnation and pyrolysis by DoW Corning 
Corporation, and the resulting material had about 5% poros 
ity. The SiC ?bers comprised about 50 volume % of the 
CFCC material. 
In Examples 18—24 set forth herebeloW, the tests Were 
conducted primarily using DuPont SiC CFCC composites 
Which contained 0/90-oriented Woven cloths comprising 
Nicalon SiC ?bers. The SiC matrix Was formed by a 
chemical vapor in?ltration (CVI) method by DuPont Lanx 
ide Inc., and the resulting material had about 10% porosity. 
The SiC ?bers comprised about 40 volume % of the CFCC 
material. 
Mechanical property evaluations Were conducted by ?ex 
ure methods. Prior to preparing joints, the SiC/SiCf 














a diamond cutting Wheel and a mineral oil/Water cutting 
?uid into bars (2.6 mm by 4.1 mm by 18.9 mm for Examples 
4—17 and 3.2 mm by 4 mm by 15 mm for Examples 18—23) 
bars typically. Since composites Were machined using cut 
ting ?uid and held With bee’s Wax during cutting, it Was 
observed that the specimens had a considerable amount of 
residue due to the porous nature of the CFCC material. Thus, 
to prevent secondary chemical reactions during the ?ring 
cycle and to avoid possible erroneous results, it Was neces 
sary to clean all specimen bars thoroughly prior to making 
joints. This cleaning Was accomplished through either an 
800 degrees C. bakeout in air (Examples 4—17) or a 10 
minute ultrasonic cleaning in acetone and subsequent baking 
on a 250 degree C. hot plate for 10 minutes (Examples 
18—24). 
For making butt (end-to-end) joined specimens, the bond 
ing agent Was applied evenly on the axial end of each 
specimen bar by a spatula. The axial ends of tWo bars then 
Were brought together carefully by hand in axial end-to-end 
alignment. For Examples 18—24, a metal vise also Was used 
to apply uniform pressure across the joint so as to obtain a 
reproducible joint thickness (e.g. joint thickness of 125 
microns). After about 1 minute in the metal vise, the test 
specimen Was removed from the vise and placed on its side 
on a slotted alumina plate. This procedure Was repeated for 
each test specimen. For Examples, 18—24, the ?ring furnace 
temperature Was increased/decreased by the rate of 10 
degrees C./minute up to/doWn from the terminal ?ring 
temperature of 1200 degrees C. Which Was held for 5 hours. 
For Examples 4—17, samples Were heated at 10 degrees 
C./minute, held for 2 hours at 1200 degrees C., and cooled 
at 5 degrees/minute. 
After cooling to room temperature, all specimens Were 
tested Without any further treatment. An air ?ring furnace 
atmosphere Was used. 
The strength of the ?red joints Was measured by a 
four-point bend test, FIG. 2, Where the test ?xture had upper 
and loWer span distances of 10 and 20 mm, respectively. 
Tests Were conducted in displacement control With the 
cross-head speed of 2 microns/second (0.12 mm/minute). 
All tests Were conducted at room temperature and at least 
?ve specimens Were tested at each data point during the 
strength tests. 
EXAMPLE 1 
Preparation of Methylphenylsilylene-acetylene 
(MPSA) Polymers 
To a dry, 500 ml, 2-necked, round-bottomed ?ask 
(equipped With a Water condenser, a magnetic stirrer and a 
graduated addition funnel and ?ushed With dry argon) Was 
added 100 ml of freshly distilled tetrahydrofuran (THF, from 
Aldrich Chemical Co.). After cooling the solution to —78° 
C., 0.5 moles of n-butyllithium (200 ml of 2.5 mol/L of 
n-BuLi in hexanes from Aldrich Chemical Co.) Was added. 
Then 0.167 moles of trichloroethylene (15 ml of 99.5% 
trichloroethylene from Aldrich Chemical Co.) in 50 ml of 
THF Was added dropWise over 20 minutes to the stirred 
solution. After completion of addition, the 31 78° C. bath 
Was removed and the mixture Was alloWed to Warm to room 
temperature. After 2 hours of stirring at room temperature, 
the mixture Was recooled to —78° C. and 0.167 moles of 
methylphenyldichlorosilane (27 ml, from Huls America 
Inc.) Was added dropWise over 10 minutes, after Which the 
resulting mixture Was stirred at room temperature for 5 
hours, then re?uxed for 2 hours. The mixture Was cooled to 
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room temperature and Was Washed With aqueous HCl. 
Concentration of the organic phase under vacuum gave 23.5 
g (98% yield) of a viscous oil. 
A sample of the above polymer (oligomer) under argon 
Was heated to 1200° C. at 10° C./min. and held at 1200° C. 
for 2 hours before cooling to room temperature. The sample 
had a mass retention of 80% and contained 40% SiC. 
EXAMPLE 2 
Preparation of MPSA using sodium carbide: 50 ml round 
bottomed ?ask Was ?ushed With dry argon and charged With 
1.05 g of sodium carbide (NaCECNa) and 5 ml dry 
pyridine. The mixture cooled With ice bath and 2.85 g of 
methylphenyldichlorosilane Was added dropWise over 10 
minutes. The mixture Was stirred at room temperature for 5 
hours before adding 5 ml THF and quenching With 50 ml 
aqueous methanol. After ?ltration, Washing With Water and 
drying in vacuum 0.43 g (yield 57%) of MPSA Was pro 
duced. 
EXAMPLE 3 
Preparation of the glue paste With methylphenylsilylene 
acetylene (MPSA) polymer: 10 g of example 1 
methylphenylsilylene-acetylene (MPSA) polymer Was 
blended With 15 g of spherical gas atomiZed poWder (less 
than 44 pm particle siZe) of Al—Si (12.2% atomic % of Si) 
alloy and 1.5 g of amorphous submicron boron poWder 
(from Aldrich Chemical Co.). The mixture Was blended for 
2 hours at room temperature to produce a homogeneous 
tacky glue like paste. This material Was then loaded into a 
polyethylene syringe for convenient dispensing. 
EXAMPLE 4 
This Example demonstrates a technique for joining bars 
of SiC CFCC to themselves. Weaved sheets of SiC CFCC 
Were diamond cut to dimension of 2.6 mm><4.1 mm><18.9 
mm. 10 bars Were butt joined using Example 3 paste for 
?exure test. Example 3 glue Was applied onto the surfaces of 
the SiC CFCC bars to be joined together and Were spread 
evenly With a small laboratory spatula. These bars Were then 
butt joined by pushing the bars together With hand pressure 
and Were ?red to 1200° C. at the rate of 10° C./min. and 
holding for 2 hours at 1200° C. The ?exural strength of the 
joints Were measured With a 4 point bending test at room 
temperature. The average ?exure strength for these samples 
Were 50 MPa. 
EXAMPLE 5 
Preparation of the glue With polycarbosilane: 10 g of 
polycarbosilane polymer (manufactured in Japan by Nippon 
Carbon Company, Ltd. and is distributed in the United States 
by DoW Corning Corporation) Was dissolved in 100 ml of 
toluene and blended With 15 g of spherical gas atomiZed 
poWder (less than 44 pm particle siZe) of Al—Si (12.2% 
atomic % of Si) alloy and 1.5 g of amorphous subinicron 
boron poWder (from Aldrich Chemical Co.). The mixture 
Was gradually concentrated While stirring to produce a 
homogeneous tacky glue like paste. The glue Was applied 
onto the surfaces of the SiC CFCC bars (2.6 mm><4.1 
mm><18.9 mm) to be joined together and Were spread evenly 
With a small laboratory spatula. These bars Were then butt 
joined by pushing the bars together With hand pressure and 
Were ?red to 1200° C. at the rate of 10° C./min. and holding 
for 2 hours at 1200° C. The ?exural strength of the joints 
Were measured With a 4 point bending test at room tem 
perature. The average ?exure strength for these samples 















Preparation of the glue With poly m-phenyl ether: 10 g of 
poly m-phenyl ether Was blended With 15 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 1.5 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 
mixture Was blended for 2 hours at room temperature to 
produce a homogeneous tacky glue like paste. This material 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (2.6 mm><4.1 mm><18.9 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. The 
?exural strength of the joints Were measured With a 4 point 
bending test at room temperature. The average ?exure 
strength for these samples Were 20 MPa. 
EXAMPLE 7 
Preparation of the glue With random copolymer of meth 
ylphenylsilylene acetylene and tetramethyldisilylene acety 
lene: To a dry, 500 ml, 2-necked, round-bottomed ?ask 
(equipped With a Water condenser, a magnetic stirrer and a 
graduated addition funnel and ?ushed With dry argon) Was 
added 100 ml of freshly distilled tetrahydrofuran (THF, from 
Aldrich Chemical Co.). After cooling the solution to —78° 
C., 0.5 moles of n-butyllithium (200 ml of 2.5 mol/L of 
n-BuLi in hexanes from Aldrich Chemical Co.) Was added. 
Then 0.167 moles of trichloroethylene (15 ml of 99.5% 
trichloroethylene from Aldrich Chemical Co.) in 50 ml of 
THE Was added dropWise over 20 minutes to the stirred 
solution. After completion of addition, the —78° C. bath Was 
removed and the mixture Was alloWed to Warm to room 
temperature. After 2 hours of stirring at room temperature, 
the mixture Was recooled to —78° C. and a mixture of 0.056 
moles (9 ml) of methylphenyldichlorosilane and 0.112 
moles (19 ml) of 1,2-dichlorotetrametyldisilane (Huls 
America Inc.) Was added dropWise over 10 minutes, after 
Which the resulting mixture Was stirred at room temperature 
for 5 hours, then re?uxed for 2 hours. The mixture Was 
cooled to room temperature and Was Washed With aqueous 
HCl. Concentration of the organic phase under vacuum gave 
22 g (93% yield) of a glassy gum product. 
A sample of the above copolymer under argon Was heated 
to 1200° C. at 10° C./min. and held at 1200° C. for 2 hours 
before cooling to room temperature. The sample had a mass 
retention of 60% and contained 50% SiC. 
1 g of above random copolymer Was blended With 1.5 g 
of spherical gas atomiZed poWder (less than 44 pm particle 
siZe) of Al—Si (12.2% atomic % of Si) alloy and 0.15 g of 
amorphous submicron boron poWder (from Aldrich Chemi 
cal Co.). The mixture Was blended at room temperature to 
produce a homogeneous tacky glue like paste. The glue Was 
applied onto the surfaces of the SiC CFCC bars (2.6 mm><4.1 
mm><18.9 mm) to be joined together and Were spread evenly 
With a small laboratory spatula. These bars Were then butt 
joined by pushing tile bars together With hand pressure and 
Were ?red to 1200° C. at the rate of 10° C./min. and holding 
for 2 hours at 1200° C. The ?exural strength of the joints 
Were measured With a 4 point bending test at room tem 
perature. The average ?exure strength for these samples 
Were 50 MPa. 
EXAMPLE 8 
Preparation of the glue With alternating copolymer of 
methylphenylsilylene acetylene and dimethylsilylene 
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vinylene polymers: Chloroplatanic acid (3 mg) Was added to 
a dry, argon ?ushed, 5 ml, tWo-necked, round-bottomed 
?ask (equipped With a magnetic stirrer and a condenser). 
The ?ask Was then capped With a rubber septum, and 1 ml 
dry THF Was added via a cannula. All manipulations Were 
carried out under an argon atmosphere. The monomer 
3-phenyl-3,6,6,6-trimethyl3,6-disila-hexa-1,4-diynie (1 g) 
Was added to this mixture in a dropWise fashion With 
stirring. An exothermic reaction started. After the reaction 
subsided, the mixture Was heated to re?ux (approximately 
80—90° C.) for 30 minutes. The condenser Was then 
removed, and the solvent Was removed via distillation. A 
viscous product Was resulted. 1 g of this copolymer Was 
blended With 1.5 g of spherical gas atomiZed poWder (less 
than 44 pm particle siZe) of Al—Si (12.2% atomic % of Si) 
alloy and 0.15 g of amorphous submicron boron poWder 
(from Aldrich Chemical Co.). The mixture Was blended at 
room temperature to produce a homogeneous tacky glue like 
paste. The glue Was applied onto the surfaces of the SiC 
CFCC bars (2.6 mm><4.1 mm ><18.9 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. The 
?exural strength of the joints Were measured With a 4 point 
bending test at room temperature. The average ?exure 
strength for these samples Were 50 MPa. 
EXAMPLE 9 
5 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 10 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy. The mixture Was blended for 
2 hours at room temperature to produce a homogeneous 
tacky glue like paste. This material Was then loaded into a 
polyethylene syringe for convenient dispensing. The glue 
Was applied onto the surfaces of the SiC CFCC bars (2.6 
mm><4.1 mm><18.9 mm) to be joined together and Were 
spread evenly With a small laboratory spatula. These bars 
Were then butt joined by pushing the bars together With hand 
pressure and Were ?red to 1200° C. at the rate of 10° C./min. 
and holding for 2 hours at 1200° C. The ?exural strength of 
the joints Were measured With a 4 point bending test at room 
temperature. The average ?exure strength for these samples 
Were 9 MPa. 
EXAMPLE 10 
10 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 10 of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of elemental 
Al. This mixture Was blended for 2 hours at room tempera 
ture to produce a homogeneous tacky glue like paste. This 
material Was then loaded into a polyethylene syringe for 
convenient dispensing. The glue Was applied onto the sur 
faces of the SiC CFCC bars (2.6 mm><4.1 mm><18.9 mm) to 
be joined together and Were spread evenly With a small 
laboratory spatula. These bars Were then butt joined by 
pushing the bars together With hand pressure and Were ?red 
to 1200° C. at the rate of 10° C./min. and holding for 2 hours 
at 1200° C. The ?exural strength of the joints Were measured 
With a 4 point bending test at room temperature. The average 
?exure strength for these samples Were 4 MPa. 
EXAMPLE 11 
9 g of example 1 methylphenylsilylene-acetylene 














atomiZed poWder (less than 44 pm particle siZe) of Al and 
1.3 g of amorphous submicron boron poWder (from Aldrich 
Chemical Co The mixture Was blended for 2 hours at room 
temperature to produce a homogeneous tacky glue like 
paste. This material Was then loaded into a polyethylene 
syringe for convenient dispensing. The glue Was applied 
onto the surfaces of the SiC CFCC bars (2.6 mm><4.1 
mm><18.9 mm) to be joined together and Were spread evenly 
With a small laboratory spatula. These bars Were then butt 
joined by pushing the bars together With hand pressure and 
Were ?red to 1200° C. at the rate of 10° C./min. and holding 
for 2 hours at 1200° C. The ?exural strength of the joints 
Were measured With a 4 point bending test at room tem 
perature. The average ?exure strength for these samples 
Were 10 MPa. 
EXAMPLE 12 
10 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 10 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al and 5 
g of elemental Si (mechanically ground from DoW Corning 
Co.). The mixture Was blended for 2 hours at room tem 
perature to produce a homogeneous tacky glue like paste. 
This material Was then loaded into a polyethylene syringe 
for convenient dispensing. The glue Was applied onto the 
surfaces of the SiC CFCC bars (2.6 mm><4.1 mm><18.9 mm) 
to be joined together and Were spread evenly With a small 
laboratory spatula. These bars Were then butt joined by 
pushing the bars together With hand pressure and Were ?red 
to 1200° C. at the rate of 10° C./min. and holding for 2 hours 
at 1200° C. The ?exural strength of the joints Were measured 
With a 4 point bending test at room temperature. The average 
?exure strength for these samples Were 2 MPa. 
EXAMPLE 13 
8 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 8 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al metal 
and 1.6 g of poWder Si metal (mechanically ground from 
DoW Corning Co and 0.8 g of amorphous submicron boron 
poWder (from Aldrich Chemical Co.). The mixture Was 
blended for 2 hours at room temperature to produce a 
homogeneous tacky glue like paste. This material Was then 
loaded into a polyethylene syringe for convenient dispens 
ing. The glue Was applied onto the surfaces of the SiC CFCC 
bars (2.6 mm><4.1 mm><18.9 mm) to be joined together and 
Were spread evenly With a small laboratory spatula. These 
bars Were then butt joined by pushing the bars together With 
hand pressure and Were ?red to 1200° C. at the rate of 10° 
C./min. and holding for 2 hours at 1200° C. The ?exural 
strength of the joints Were measured With a 4 point bending 
test at room temperature. The average ?exure strength for 
these samples Were 4 MPa. 
EXAMPLE 14 
10 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 15 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 5 g of poWder Si metal 
(mechanically ground from DoW Corning Co.). The mixture 
Was blended for 2 hours at room temperature to produce a 
homogeneous tacky glue like paste. This material Was then 
loaded into a polyethylene syringe for convenient dispens 
ing. The glue Was applied onto the surfaces of the SiC CFCC 
bars (2.6 mm><4.1 ><18.9 min) to be joined together and Were 
spread evenly With a small laboratory spatula. These bars 
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Were then butt joined by pushing the bars together With hand 
pressure and Were ?red to 1200° C. at the rate of 10° C./min. 
and holding for 2 hours at 1200° C. The ?exural strength of 
the joints Were measured With a 4 point bending test at room 
temperature. The average ?exure strength for these samples 
Were 5 MPa. 
EXAMPLE 15 
Example 1 methylphenylsilylene-acetylene (MPSA) 
polymer Was applied onto the surfaces of the SiC CFCC bars 
(2.6 mm><4.1 min><18.9 mm) to be joined together and Were 
spread evenly With a small laboratory spatula. These bars 
Were then butt joined by pushing the bars together With hand 
pressure and Were ?red to 1200° C. at the rate of 10° C./min. 
and holding for 2 hours at 1200° C. The ?exural strength of 
the joints Were measured With a 4 point bending test at room 
temperature. The average ?exure strength for these samples 
Were 5 MPa. 
EXAMPLE 16 
10 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 10 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 10 g of poWder Si metal 
(mechanically ground from DoW Corning Co.). The mixture 
Was blended for 2 hours at room temperature to produce a 
homogeneous tacky glue like paste. This material Was then 
loaded into a polyethylene syringe for convenient dispens 
ing. The glue Was applied onto the surfaces of the SiC CFCC 
bars (2.6 mm><4.1 mm><18.9 mm) to be joined together and 
Were spread evenly With a small laboratory spatula. These 
bars Were then butt joined by pushing the bars together With 
hand pressure and Were ?red to 1200° C. at the rate of 10° 
C./min. and holding for 2 hours at 1200° C. The ?exural 
strength of the joints Were measured With a 4 point bending 
test at room temperature. The average ?exure strength for 
these samples Were 5 MPa. 
EXAMPLE 17 
10 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 8 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 8 g of poWder Si metal 
(mechanically ground from DoW Corning Co.) and 1.5 g of 
amorphous submicron boron poWder (from Aldrich Chemi 
cal Co.). The mixture Was blended for 2 hours at room 
temperature to produce a homogeneous tacky glue like 
paste. This material Was then loaded into a polyethylene 
syringe for convenient dispensing. The glue Was applied 
onto the surfaces of the SiC CFCC (2.6 mm><4.1 mm><18.9 
mm) bars to be joined together and Were spread evenly With 
a small laboratory spatula. These bars Were then butt joined 
by pushing the bars together With hand pressure and Were 
?red to 1200° C. at the rate of 10° C./min. and holding for 
2 hours at 1200° C. The ?exural strength of the joints Were 
measured With a 4 point bending test at room temperature. 
The average ?exure strength for these samples Were 5 MPa. 
EXAMPLE 18 
8.5 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 1 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 0.5 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 









produce a homogeneous tacky glue like paste. This material 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (3.2 mm><4 mm><15 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. 
EXAMPLE 19 
7.5 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 2 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 0.5 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 
mixture Was blended for 2 hours at room temperature to 
produce a homogeneous tacky glue like paste. This material 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (3.2 mm><4 mm><15 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. 
EXAMPLE 20 
5.5 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 4 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 0.5 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 
mixture Was blended for 2 hours at room temperature to 
produce a homogeneous tacky glue like paste. This material 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (3.2 mm><4 mm><15 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. 
EXAMPLE 21 
3.5 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 6 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 0.5 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 
mixture Was blended for 2 hours at room temperature to 
produce a homogeneous tacky glue like paste. This material 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (3.2 mm><4 mm><15 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. 
EXAMPLE 22 
2.5 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 7 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 0.5 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 
mixture Was blended for 2 hours at room temperature to 
produce a homogeneous tacky glue like paste. This material 
US 6,214,472 B1 
15 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (3.2 mm><4 mm><15 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. 
EXAMPLE 23 
3.75 g of example 1 methylphenylsilylene-acetylene 
(MPSA) polymer Was blended With 6 g of spherical gas 
atomiZed poWder (less than 44 pm particle siZe) of Al—Si 
(12.2% atomic % of Si) alloy and 0.25 g of amorphous 
submicron boron poWder (from Aldrich Chemical Co.). The 
mixture Was blended for 2 hours at room temperature to 
produce a homogeneous tacky glue like paste. This material 
Was then loaded into a polyethylene syringe for convenient 
dispensing. The glue Was applied onto the surfaces of the 
SiC CFCC bars (3.2 mm><4 mm><15 mm) to be joined 
together and Were spread evenly With a small laboratory 
spatula. These bars Were then butt joined by pushing the bars 
together With hand pressure and Were ?red to 1200° C. at the 
rate of 10° C./min. and holding for 2 hours at 1200° C. 
Example 24 
The starting CFCC materials Were 3.2 mm thick panels of 
commercial SiC/SiC composites (Du Pont Lanxide Inc.) 
Which had Nicalon SiC-?bers in 0/90 degree orientations 
and contained 10% porosity. Prior to preparing joints the 
SiC/SiC composites Were ?rst machined into 3.2 mm><4 
mm><15 mm bars. To remove the residual chemical sub 
stances due to the cutting ?uid the bars Were ?rst cleaned for 
10 minutes in acetone and then baked on a 250 degrees C. 
hot-plate for 10 minutes. 
The joining compound Was composed of 10 g of MPSA 
polymer (from Example 1.) blended With 15 g of spherical 
gas atomiZed poWder (less than 44 pm particle siZe) of 
Al-12.2 at % Si alloy and 1.5 g of amorphous submicron 
boron poWder (from Aldrich Chemical Co.). The mixture 
Was blended for 2 hours at room temperature to produce a 
homogeneous tacky glue-like paste. The bonding agent Was 
applied on each specimen ends by a spatula. The joints Were 
?rst assembled carefully by the hand pressure from the ends 
(butt-joint). A vise then Was utiliZed to apply uniform 
pressure to obtain reproducible joint thickness. After about 
1 minute the joined specimen Was removed from the vise 
and placed on its side on a slotted alumina plate. This 
procedure Was repeated for each test specimen. Curing Was 
conducted in air at 1200° C. The heating/cooling rate Was 
10° C./min and the curing time Was 5 hrs. 
The strength of the joints Was measured by the four-point 
bend test method Where the test ?xture, shoWn schematically 
in FIG. 2, had the upper and loWer span distances of 10 and 
20 mm, respectively. All tests Were conducted in displace 
ment control at room temperature With the crosshead speed 
of 2 mm/s (0.12 mm/min). At each data point ?ve specimens 
Were tested. The average ?exure or bend strength for these 
samples Was 97 MPa. 
The Table I beloW sets forth for Examples 4—23 the 
bonding agent compositions used, and bend strength (BS) 















Polymer Si-M Boron Silicon minum BS 
Example (5) (g) (g) (g) (5) (MPa) 
4 (MPSA) 15 1.5 _ _ 50 
10 
5 (Polycan) 15 1.5 — — 30 
10 
6 (Poly n-p) 15 1.5 — — 20 
10 
7 (R.copol) 1.5 0.15 — — 50 
10 
8 (Alt) 1.5 0.15 _ _ 50 
1 
9 (MPSA) 10 _ _ _ 9 
5 
10 (MPSA) _ _ _ 10 4 
10 
11 (MPSA) _ 1.3 _ 9 10 
9 
12 (MPSA) _ _ 5 10 2 
10 
13 (MPSA) _ 0.8 16 s 4 
8 
14 (MPSA) 15 _ 5 _ 5 
10 
15 (MPSA) _ _ _ _ 5 
ONLY 
16 (MPSA) 10 _ 10 _ 5 
10 
17 (MPSA) s 1.5 s _ 45 
10 
1s (MPSA) 1 0.5 _ _ 
8.5 
19 (MPSA) 2 0.5 _ _ 
7.5 
20 (MPSA) 4 0.5 _ _ 
5.5 
21 (MPSA) 6 0.5 _ _ 
3.5 
22 (MPSA) 7 0.5 _ _ 
2.5 
23 (MPSA) 6 0.25 _ _ 
3.75 
24 (MPSA) 15 1.5 _ _ 97 
10 
The bend strength for Example 24 is about tWice as high 
as the bend strength that results from any other knoWn 
method for joining SiC CFCC materials. Example 24 Was 
repeated using another sample and a loWer ?ring tempera 
ture of 1000 degrees and yielded a bend strength of 95 MPa. 
Bend strength results Were not available for Examples 
18—23. In general, all of the bend strength values that exceed 
45 MPa are promising; i.e., Examples 4, 7, 8, 17 and 24. All 
of these results at least match the previous best results that 
have been reported for SiC CFCC joining by B. H. Rabin 
and C. Henager in the aforementioned Proceedings of the 
20th Annual Conference of Composites. It should be noted 
that the butt joint sample that Was tested has a very small 
total surface area and is quite susceptible to sample prepa 
ration variations, chie?y material and porosity inhomoge 
neity. Therefore, some of the samples that have average 
strength values less than 45 MPa but considerable scatter in 
the measurements may also be promising. The much higher 
strength level of Example 24 compared to Example 4 is 
attributed to greater care in initial joint cleaning, to 
improved sample alignment and even joint pressure during 
joint formation, and to enhanced stability of the grooved 
sample holder during sample ?ring. Because the improve 
ments in sample preparation used for Example 24 Were also 
used for Examples 18—23, a greater reliability for these 
results may be assigned, as compared to Examples 5—17. 
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Additional Examples 25 and 26 are set forth below for 
further illustration. 
EXAMPLE 25 
10 g of polydimethylsiloxanes (silicone oil) Was blended 
With 15 g of spherical gas atomiZed powder (less than 44 pm 
particle siZe) of Al—Si (12.2% atomic % of Si) alloy and 1.5 
g of amorphous submicron boron poWder (from Aldrich 
Chemical Co The mixture Was blended for 2 hours at room 
temperature to produce a homogeneous tacky glue like 
paste. This material Was then loaded into a polyethylene 
syringe for convenient dispensing. The glue Was applied 
onto the surfaces of the SiC CFCC (2.6 mm><4.1 mm><38 
mm) bars to be joined together and Were spread evenly With 
a small laboratory spatula. These bars Were then butt joined 
by pushing the bars together With hand pressure and Were 
?red to 1200° C. at the rate of 10° C./min. and holding for 
2 hours at 1200° C. 
EXAMPLE 26 
10 g of methylsesquisiloxane polymer (SR350 from GE 
Silicones) Was dissolved in 5 ml of toluene and blended With 
15 g of spherical gas atomiZed poWder (less than 44 pm 
particle siZe) of Al—Si (12.2% atomic % of Si) alloy and 1.5 
g of amorphous submicron boron poWder (from Aldrich 
Chemical Co.). The mixture Was gradually concentrated 
While stirring to produce a homogeneous tacky glue like 
paste. This material Was then loaded into a polyethylene 
syringe for convenient dispensing. The glue Was applied 
onto the surfaces of the SiC CFCC (2.6 mm><41 mm><38 
mm) bars to be joined together and Were spread evenly With 
a small laboratory spatula. These bars Were then butt joined 
by pushing the bars together With hand pressure and Were 
?red to 1200° C. at the rate of 10° C./min. and holding for 
2 hours at 1200° C. 
The invention is not limited to the embodiments set forth 
above, and the invention is set forth in the folloWing claims. 
What is claimed is: 
1. Abonded assembly comprising ?rst and second mate 
rials selected from the group consisting of a ceramic mate 
rial and a ceramic composite material bonded at an interface 
by a composite bond joint comprising metallic phase regions 






2. The assembly of claim 1 Wherein the metallic phase 
regions comprise aluminum and silicon alloy particles. 
3. The assembly of claim 2 Wherein the aluminum and 
silicon alloy particles comprise a aluminum-silicon eutectic 
composition. 
4. The assembly of claim 3 Wherein the aluminum-silicon 
eutectic composition comprises about 12.2 atomic % Si. 
5. The assembly of claim 1 Wherein the composite bond 
joint further includes aluminum oxide particles dispersed in 
the ceramic matrix. 
6. The assembly of claim 1 Wherein the ceramic material 
comprises monolithic SiC and the ceramic matrix comprises 
SiC. 
7. The assembly of claim 6 Wherein the ceramic compos 
ite material comprises SiC ?bers in a SiC matrix and the 
ceramic matrix comprises SiC. 
8. A repaired material selected from the group consisting 
of a ceramic material and ceramic composite material com 
prising a composite ?ller material bonded in a crack, hole, 
or depression of said repaired material, said ?ller material 
comprising metallic phase regions comprising aluminum 
disposed in a ceramic matrix. 
9. The assembly of claim 8 Wherein the metallic phase 
regions comprise aluminum and silicon alloy particles. 
10. The assembly of claim 9 Wherein the aluminum and 
silicon alloy particles comprise a aluminum-silicon eutectic 
composition. 
11. The assembly of claim 10 Wherein the aluminum 
silicon eutectic composition comprises about 12.2 atomic % 
Si. 
12. The repaired material of claim 8 Wherein the com 
posite ?ller material further includes aluminum oxide par 
ticles dispersed in the ceramic matrix. 
13. The repaired material of claim 8 Wherein the ceramic 
material comprises monolithic SiC and the ceramic matrix 
comprises SiC. 
14. The repaired material of claim 8 Wherein the ceramic 
composite material comprises SiC ?bers disposed in a SiC 
matrix and the ceramic matrix comprises SiC. 
15. The repaired material of claim 8 Which is a tube. 
